Private-sector providers are increasingly being recognized as important contributors to the delivery of healthcare. Countries with high disease burdens and limited public-sector resources are considering using the private sector to achieve universal health coverage. However, evidence for the technical quality of private-sector care is lacking. This study assesses the technical quality of maternal healthcare during delivery in public-and private-sector facilities in resource-limited settings, from a systems and programmatic perspective. A summary index (the skilled attendance index, SAI), was used. Two-staged cluster sampling with stratification was used to select representative samples of case records in public-and private-sector facilities in Enugu and Lagos States, Nigeria. Information to assess criteria was extracted, and the SAI calculated. Linear regression models examined the relationship between SAI and the private and public sectors, controlling for confounders. The median SAI was 54.8% in Enugu and 85.7% in Lagos. The private for-profit sector's SAI was lower than and the private not-for-profit sector's SAI was higher than the public sector in Enugu [coefficient ¼ -3.6 (P ¼ 0.018) and 12.6 (P < 0.001), respectively]. In Lagos, the private forprofit sector's SAI was higher and the private not-for-profit sector's SAI was lower than the public sector [3.71 (P ¼ 0.005) and -3.92 (P < 0.001)]. Results indicate that the technical quality of private for-profit providers' care was poorer than public providers where the public provision of care was weak, while private for-profit facilities provided better technical quality care than public facilities where the public sector was strong and there was a relatively strong regulatory body. Our findings raise important considerations relating to the quality of maternity care, the public-private mix and needs for regulation in global efforts to achieve universal healthcare.
Introduction
Universal health coverage is an aspiration of countries around the world as they show their commitment to the United Nations' Sustainable Development Goals. In 2014, global coverage of skilled providers at delivery was 71%; in sub-Saharan Africa, where the public sector lacks resources, the coverage was 52% (United Nations 2015) . Skilled attendance at delivery and related 'facilitybased intrapartum care' are key to reducing maternal mortality (Campbell et al. 2006) , so resources are needed to provide equitable access to high-quality delivery care. Policy makers and researchers are increasingly recognising that private-sector providers are critical components of health systems (McPake and Hanson 2016) and therefore key contributors to achievement of universal coverage of skilled attendance at delivery.
The private sector refers to privately owned (i.e. not government-owned) entities providing healthcare, including forprofit facilities and individuals, not-for-profit nongovernmental organizations (NGOs) and religious institutions. In maternal and neonatal healthcare, the private sector comprises informal and formal providers, from traditional birth attendants, traditional healers and patent medicine sellers, to pharmacists, individual clinical practitioners (including midwives) and faith-based or corporate hospitals. A substantial proportion of women use intrapartum care in the private sector, with varied utilization patterns by socioeconomic status across countries (Benova et al. 2015 , Pomeroy et al. 2014 , Das et al. 2016 , Houweling et al. 2007 . How private provision of healthcare can contribute to universal coverage partly depends on whether the private sector can fill the gap left by the public sector (Morgan et al. 2016) .
Quality of care is a multidimensional construct that includes user satisfaction of service quality, the availability of equipment and medical supplies, technical quality (clinical process) and patient outcomes (Donabedian 1988) . In maternal health, quality has been described and assessed using similar and multiple approaches (Hulton et al. 2007 , Raven et al. 2011 , Bhutta et al. 2014 , Renfrew et al. 2014 , World Health Organization 2016 , Adeyi and Morrow 1997 . Quality of care in maternal health is peculiar in that the majority of women receiving maternal healthcare are healthy and do not need high-level care (Pittrof et al. 2002) . Many women across settings choose private intrapartum care providers (Bazant et al. 2009 , Das et al. 2016 because of factors such as responsiveness (e.g. better hospitality or companionship during labour, flexible or longer opening hours and timeliness of service) (Ansari et al. 2015) or affordable user fees (Chukudebelu et al. 1997) . Although technical quality is crucial in preventing unnecessary deaths during pregnancy and childbirth, evidence on private provision is limited. Differentiation by type of private provider (e.g. home-based vs facility based, formal vs informal or for-profit vs non-profit providers) is often not made (Mackintosh et al. 2016) . In studies that do identify the type of private provider, the analyses and available data are limited to the population-based caesarean-section rate as an indicator for overprovision or a proxy for quality of care (Benova et al. 2015 , Begum et al. 2017 .
In this paper, we aim to assess the technical quality of maternal healthcare, in particular intrapartum care, from a health system and programmatic perspective, with particular reference to the publicsector and the formal private-sector (for-profit and not-for-profit) in two southern states of Nigeria. Quality is a multidimensional concept (Hulton et al. 2007 ) and various tools and approaches are used in its measurement (Adeyi and Morrow 1997 , World Health Organization 2016 , Raven et al. 2011 , Wagaarachchi et al. 2001 . We used the skilled attendance index (SAI) which can be used from two perspectives (Hussein et al. 2004) . From a clinical point of view, the SAI is based on the criterion-based clinical audit (CBCA), which systematically reviews care against explicit, predetermined clinical criteria of good practice (NICE 2002 , Tripathi 2016 . The SAI therefore quantitatively measures the appropriateness of intrapartum care provided to women at admission, at the start of and during labour and immediately postpartum (Hussein et al. 2004 ). This provides in-depth assessments of each clinical action taken to treat and clinically manage women during delivery and with obstetric complications. Such detailed clinical assessments are not always useful at systems and programme level to public health practitioners, so for programmatic purposes, the SAI summarizes these criteria of technical quality into one single index (Hussein et al. 2004) , which can be used to compare between health facilities or groups of health facilities, making it suited for the purposes of our study.
Materials and methods

Study design and setting
The states of Lagos and Enugu are unique study sites because of their pluralistic health systems. Recent Demographic and Health Survey results show high rates of facility-based delivery in both states (85% in Enugu and 77% in Lagos), among which substantial proportions (49% in Enugu and 56% in Lagos) were conducted in the private for-profit sector (National Population Comission [Nigeria] and ICF International 2014).
We conducted in August 2015 a survey of case records of women admitted for delivery or complications of childbirth in public-and private-sector facilities in four Local Government Areas (LGAs) each in Nigeria's Enugu and Lagos States. In 2016, Nigeria was the largest economy in Africa by gross domestic product (GDP) (The World Bank 2017). Lagos State, in Nigeria's southwest, is considered the nation's most important economy, with Lagos City constituting the nation's largest urban area. In contrast, a south-eastern state of Enugu's economic growth in the early 20th century depended on the coal industry until its decline in the late 20th century. Its current economy is predominantly agrarian in rural areas; the urban population often engages in trading and services. Despite the establishment of the National Health Insurance Scheme (NHIS) in 2006 and the existence of private health insurance schemes, only a small fraction of the Nigerian population is covered by the NHIS (Odeyemi and Nixon 2013) or other private insurance schemes. A large proportion (up to 65%) of total health expenditures is paid for out-of-pocket (Aregbeshola 2016 , Mackintosh et al. 2016 , Odeyemi and Nixon 2013 . The current study was conducted to inform programme managers and stakeholders of an 8-year
Key Messages
• The technical quality of intrapartum care by private for-profit providers was higher than public-sector providers where there was a relatively strong regulatory body in the public sector.
• Where the public-sector provision of care was weak, the technical quality of intrapartum care by private for-profit facilities was also poor.
• Context-sensitive, multifaceted approaches which span the range from specific clinical best practices to broad systemwide considerations will be needed to achieve universal coverage of quality intrapartum care.
( [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] donor-funded programme, 'Partnership for Transforming Health Systems Phase II (PATHS2)', whose overall objective is to improve maternal and child health outcomes by strengthening Nigeria's health system. It was a formative study conducted by an independent consultant in consultation with PATHS2 managers. In addition to support provided to both private and public sectors particularly in Lagos State during the first 6 years of the programme, a public-private partnership (PPP) was adapted to improve service deliveries in the two states during the final two years. Under the PPPs, two-way referral systems were established between public and private providers, and the states' governments facilitated private health providers' access to soft loans to improve their infrastructure, equipment and technical manpower, and strengthened regulatory frameworks to improve the quality of care by both the private-and public-sector providers. In particular, PATHS2 provided support to strengthen Lagos State's Health Facility Monitoring and Accreditation Agency (HEFAMAA), whose roles were to accredit, license and monitor private-sector facilities. Because Enugu State had not had a regulatory body, the Joint Inspectorate was expanded with the support of PATHS2 during the last 2 years to an Expanded Joint Inspectorate to improve service delivery.
Sample size and sampling methods
The sampling was carried out with the initial objective of measuring SAI for each sector type. For this study, ascertaining sample size requires an estimate of the actual level of technical quality of care. Skilled attendance at delivery [91.5% in Enugu and 87.2% in Lagos (NPC [Nigeria] and ICF International 2014)] is a widely accepted indicator, but these reportedly high rates are crude, lack validity and are not specific to our study population (Blanc et al. 2016) . Other quantitative measures of technical quality of care are not readily available in Nigeria (Madaj et al. 2017) . We therefore assumed an equipoise level of 50% (i.e. 50% of criteria was met), which gives the most conservative (i.e. largest required) sample size, as recommended in other research (Hussein et al. 2004 , SAFE International Research Partnership 2003 . To obtain the average SAI with a precision of 10%, 96 cases would normally be required per sector. Anticipating a two-stage sampling method with adjustment for confounding factors, the obtained sample size was multiplied by a default value of 2 for the design effect (Kaiser et al. 2006, Aday and Cornelius 2006) . We increased the sample size by 25% to account for the effect of controlling for confounding variables, amounting to 240 cases per sector type.
We used a two-stage cluster sampling method with stratification to select representative samples of case records from public, private for-profit and private not-for-profit facilities. Each of the three sector types comprised three levels of care: primary health centres (PHCs), basic emergency obstetric care (BEOC) and comprehensive emergency obstetric care (CEOC). PHCs provide normal delivery care. In addition to PHCs services, BEOCs also provide services for assisted vaginal delivery, basic neonatal resuscitation care, parenteral administration of antibiotics, uterotonic drugs and anticonvulsants, manual removal of the placenta and removal of retained products following miscarriage or abortion. CEOCs additionally provide blood transfusions, surgery, including caesarean sections, and advanced neonatal resuscitation care. Thus, there were a total of nine provider types.
All delivery facilities in the selected LGAs in each state which were identified in the National Health Management Information System (NHMIS) were categorized into one of the nine provider types, based on PATHS2's assessment. The NHMIS data are collected routinely into a database with the District Health Information System, Version 2, platform, and is accessible to donor partners as well as ministry workers. A facility with fewer than 120 deliveries per year (according to the NHMIS) was grouped with another of the same type before sampling. We planned to select a facility (a primary sampling unit) from each of the nine provider types per LGA, except for the large LGAs, where two each would be sampled. From each selected facility, we planned to select 20 case files so that ideally there would be 60 cases per sector per LGA or 240 cases per sector across the four LGAs. A sample was taken retrospectively until the required number of delivery records was reached. This is usually known as chronological quota sampling. Records of deliveries that have already occurred are taken from the day the study began and data abstractors then worked retrospectively (SAFE International Research Partnership 2003) . We used chronological quota sampling (instead of random sampling by computer-generated random numbers) to draw a representative sample of current delivery practice because (1) delivery records are infrequently numbered systematically in low-income settings, (2) identifying specific records (particularly older records) would be difficult and (3) we wanted to minimize the risk of our sample becoming out-dated after possible staff rotations.
Case identification and data extraction
Data abstractors (who were qualified medical doctors, nurses or midwives) were trained in case identification and data extraction using 'data extraction forms' for one week in August 2015. Our criteria for selecting and recruiting data abstractors were familiarity with reading case notes and successful completion of the training, so health professionals of any cadre who completed the training successfully were eligible. The data extraction form was adapted from previous studies conducted in resource-limited settings and included questions to gather information to assess the criteria. The form was pre-tested with five cases. Adaptations were incorporated into a revised tool before the start of the study, and these were necessary to take account of the local setting, for example, different types of heath facility staff, or to clarify how to categorize, for example, the clinical condition of a woman on admission. The data abstractors passed a concordance test where a single case record was extracted by multiple abstractors. Abstractors not scoring at or above 80% on the initial test took a re-test after re-training.
In the weeks following the training, the data abstractors visited the selected facilities and identified all possible sources from which cases could be found, including the delivery room register, maternity-ward admission register, postpartum ward register and surgery theatre register. From these sources, women admitted for delivery or labour complications were identified and entered into the study register using quota sampling. Because we were assessing intrapartum care, women admitted with abortion complications, those referred and who did not deliver in that health facility and those scheduled for an elective caesarean section were excluded. Individual case files were retrieved, and data extracted using the finalized tools.
The primary outcome In this study, the SAI was the indicator of the technical quality of maternal healthcare. Its criteria have been developed from WHO publications and the Cochrane Library to assess the quality of delivery care in normal and complicated cases (Hussein et al. 2004 , Bell et al. 2003 , Wagaarachchi et al. 2001 , and it has been proven feasible to conduct SAI surveys in various resource-limited settings (Hussein et al. 2004 , Wagaarachchi et al. 2001 , Kongnyuy et al. 2009 ). The aspects of care included in the current study are the technical aspects of delivery care: examination at admission and at the start of labour; diagnosis and monitoring during labour and delivery (including the use of a partograph and routine administration of oxytocin); and newborn and post-partum monitoring and care. The SAI represents the percentage of essential activities carried out for a woman during her hospital stay. The number of criteria considered in the calculation was 42 (see Supplementary data). For each woman, the SAI was the percentage of met criteria which is the number of met criteria divided by 42 times 100. When data on a certain activity had not been recorded in a patient's file, we assumed that the activity had not been carried out. In our study based on reviewing of records, it was not possible to obtain accurate additional data on activities, as noted in other similar studies (Hussein et al. 2004 , Wagaarachchi et al. 2001 , Kongnyuy et al. 2009 ).
Other variables
The sector was the main explanatory variable, and we considered the private for-profit, private not-for-profit and public sectors. Levels of care (i.e. PHC, BEOC and CEOC) were included in our analysis because the availability of equipment would differ by care levels, which could influence process-related quality of care and eventual health outcomes. The clinical condition on admission (crudely judged as 'good', 'fair' or 'poor' according to blood pressure and pulse rate) and modes of delivery (emergency caesarean section or normal delivery) were included in our analysis to control for potential confounding effects as they may relate to quality of care and sector (e.g. complicated cases are more likely to be attended by a doctor/obstetrician, affecting quality factors; or admitted to public/not for profit facilities because of care costs).
Data management and analysis
Data were double-entered with Epidata. Discrepancies were reconciled by comparing data to the original data-abstraction forms.
The sample was first described with key reproductive and pregnancy factors to understand the users of particular provider types. The mean and median SAI with interquartile ranges per provider type were then calculated for each of the nine provider types, stratified by delivery modes. Then multivariable linear regression models were used to estimate the effect of private sector on mean SAI, which is the percentage point change in SAI in comparison to the public sector, while controlling for confounders. All analyses took into consideration the clustering within facilities and were conducted with the survey commands ('svy') in the statistical software STATA (version 13; Stata Corp, TX, USA). The sampling weights used were based on (1) the total number of deliveries registered with the NHMIS between January 2015 and August 2015 and (2) the number of deliveries sampled at each facility.
Results
Description of the samples
Case retrieval rates (the percentage of case files retrieved and available to the study team out of the cases selected and registered in our study registry) were 92.0% (range: 70.4-100% per facility) in Enugu and 97.4% (72.2-100% per facility) in Lagos. Because existing provider types varied in each LGA, and some facilities had a small number of eligible case files, the combined sample sizes were 468 (246 from public-sector providers, 118 from private for-profit providers and 104 from private non-profit providers) in Enugu and 663 (422 case files from all public-sector providers, 144 from private for-profit providers and 97 from all private non-profit providers) in Lagos. A total of 1131 cases were included in the study (Table 1) .
Across all sectors in Enugu, the proportion of women with complications in the index pregnancy was greater at higher-level facilities (Table 2a ). The proportion of women with a 'good' condition on admission was lower at higher-level facilities. However, when missing data were included, these trends were seen only in the private not-for-profit sector. A cross-sector comparison in Enugu suggested that, compared with public CEOCs, private not-for-profit CEOCs appeared to have received more women with a history of complications and admitted more women in fair or poor condition.
In Lagos, public-sector CEOCs received more cases with complications than public-sector BEOCs or PHCs, but the high proportion of missing data at public BEOCs and public PHCs (46.9 and 17.5%) means conclusions cannot be drawn. Public CEOCs had more complicated cases than private for-profit CEOCs (13.9% vs 4%). The proportion of women arriving in poor condition was higher at public CEOCs than other types of facilities (Table 2b ).
The SAIs in Enugu and Lagos
The median SAI was 85.7% (first quartile [Q1], third quartile [Q3] ¼ 78.6, 90.5) for Lagos, which was much higher than the median SAI for Enugu, 54.8% (Q1, Q3 ¼ 47.6, 76.2) (Figure 1) .
In Enugu, the median SAIs varied significantly according to the type of facility (Table 3a ). In the public and private not-for-profit sectors, the SAI was greatest in the highest level of care: 76.2% for public CEOCs (Q1, Q3 ¼ 66.7, 83.3) and 81.0% for private notfor-profit CEOCs (Q1, Q3 ¼ 76.2, 85.7). At the same level of care, the private not-for-profit sector tended to do better than the public sector, e.g. the median SAI for private not-for-profit BEOCs was 76.2% (Q1, Q3 ¼ 66.7, 88.1), higher than the public BEOCs' 66.7% (Q1, Q3 ¼ 43.9, 76.2). Private for-profit BEOCs fared worse than public BEOCs with a score of 52.4% (Q1, Q3 ¼ 42.9, 54.8). The SAIs at the PHC level were low across all the sectors. Similar trends were observed when data were stratified by mode of delivery.
In Lagos, the median SAIs varied across different types of health facilities, but to a much lesser extent than in Enugu (Table 3b) . As in Enugu, the higher the level of care in Lagos, the higher the median SAI in the public and private not-for-profit sectors: 92.9% for public CEOCs (Q1, Q3 ¼ 85.7, 95.2) and 90.5% for private not-for-profit Table 4 shows coefficients from multivariable linear regression models of the SAIs. The effect of public and private sectors on SAI varied by state. In Enugu, the SAIs were on average 3.6 percentage points lower in for-profit sector facilities and 12.6 percentage points higher in non-profit sector facilities, compared with public-sector facilities, after adjustment for delivery mode and clinical condition on admission. In Lagos, the SAIs were on average 3.71 points higher in the private for-profit sector and 3.92 points lower in the private not-forprofit sector than the public sector, after adjustment. In both Enugu and Lagos, the SAI went down at lower levels of care. In Enugu, the SAIs were on average 4.3 percentage points lower in BEOCs and 8.9 percentage points lower in PHCs than those in CEOCs. In Lagos, the SAIs were 10.4 percentage points lower in BEOCs and PHCs than in CEOCs.
Multivariable models
Discussion
This study contributes to the growing body of evidence on the private provision of healthcare in low-and middle-income countries (Forsberg et al. 2011 , Forsberg and Montagu 2014 , Bishai and Sachathep 2015 by providing quantitative findings on the technical quality of maternal intrapartum healthcare in public-and privatesector facilities in two different settings, Lagos and Enugu States in Nigeria. Technical quality at private-sector facilities differed from public-sector facilities in both states, but the patterns of variation were not similar. The private not-for-profit sector over-performed and the private for-profit sector under-performed the public sector in Enugu, while the private for-profit sector over-performed and the private not-for-profit sector under-performed the public sector in Lagos. Technical quality was generally higher in Lagos than in Enugu. In both states, the technical quality of care increased at higher level facilities.
Literature comparing the quality of care in private-and publicsector facilities is limited. In Sri Lanka, no difference was seen in the technical quality of intrapartum care between the public sector and the private (presumably for-profit) sectors (Rannan-Eliya et al. 2015) . In Uganda, Kenya and the Democratic Republic of Congo, structural aspects of quality in obstetric care in private not-for-profit facilities were comparable to public facilities (Vogel et al. 2012) . There was no private (for profit) CEOC facility in Enugu. In a systematic review, investigators found that the quality of care in private-sector facilities might be poorer, as unnecessary procedures (including caesarean sections) are more often performed (Basu et al. 2012) . In rural China, more women utilising public-sector facilities received standard ANC procedures (Chen et al. 2013) while in Brazil, the private sector performed better (Victora et al. 2010) .
Evidence from other fields suggests that private facilities may provide better quality of care. A 2011 systematic review comparing private and public sector performance for outpatient general medical care found technical quality better in the private (especially for-profit) than public sector (Berendes et al. 2011) . These studies from multiple fields and settings suggest that the quality of care in the public and private sectors varies substantially by context and that one cannot conclude that care in one sector is better than the other. A review concluded that broader structural and contextual factors (such as the nature of the public sector and effective regulatory practices) contribute to the performance of the private sector and how it affects the entire healthcare system. Where the public sector is strong and the private sector regulated, the quality of care in the private sector can be as good as the public sector (Morgan et al. 2016 ). More exploration is needed, but our findings reflect this pattern of improved regulation in Lagos. Since 2006, there have been efforts by the Lagos State government's HEFAMAA to regulate its private sector. In Enugu, PATHS2 has only recently intervened to help expand the role of the Joint Inspectorate. Previous research has reported that the provision of essential obstetric care was inadequate in Enugu's public sector (Nkwo 2015) . The private for-profit sector is filling the gap, but it is possible that quality is poor, at least partially, due to many years of an absence of a regulatory body. Regulatory frameworks and tools may lead to effective and efficient private-sector providers (Cross et al. 2017 ) while other multifaceted approaches involving consumers, public and private providers are also important (Brugha and Zwi 1998). 
Strengths and weakness
A strength of the current study is that we have focused on assessing the technical quality of care separately for private-and public-sector providers, using a CBCA index that was developed from international guidelines and reviews of evidence. Our study included two settings in Nigeria, to allow a comparison of the performances of two health systems. Results were not only disaggregated by private and public sectors, but also by private-sector types (for profit or not for profit). Few studies so far have shown the technical quality of intrapartum care disaggregated by private-sector types within a study. We relied on case records to obtain data, so assumed activities were not carried out if information was missing. To reduce information bias, the data abstractors consulted the nurses' reports, when available, to obtain further information. We took this approach because documentation is an important part of quality care, improving recognition of complications and provision of good care. Caution is however necessary in the interpretation of findings, as SAI may be measuring 'recording of care' rather than its provision (Adeyi and Morrow 1997) . Another limitation is that the SAI measures only some aspects of technical quality and does not consider aspects, such as the accessibility and availability of care and user satisfaction. Qualitative approaches, taking provider and user perspectives into account, could provide deeper insights into quality assessment and would improve, and possibly explain, the insights provided by the SAI. Our sampling afforded a precision of 10%, limited by resource availability and time. Although recruiting different types of health providers for data extraction may have resulted in inconsistencies, our training aimed to overcome these difficulties.
Sociodemographic data of the women (such as education or marital status) would have enhanced our understanding of who uses private-or public-sector care and whether the technical quality of care is homogenous across women of different socioeconomic backgrounds, which future research may address. We focused on obtaining the most recent practices by using chronological quota sampling, which is not a random sampling method. The sampling weight was derived from the number of deliveries reported in the NHMIS, which we knew was not comprehensive. Although PATHS2 made efforts to include as many private providers as possible in the NHMIS, not all the privately owned facilities, in particular, smaller maternity units, were listed in the NHMIS; providers who were more willing to cooperate with the ministry and PATHS2 may have been overrepresented in the sample, possibly leading to higher SAI scores in the study sample than what would have been scored by those not included in the NHMIS.
Conclusions
This study assessed the technical quality of maternity care in the forprofit and not-for profit private-sector and in the public sector in Nigeria. The technical quality of care was inferior in the private forprofit sector in a setting where the public-sector provision of care was weak, while it was superior in the private for-profit sector in a setting where the public sector provided reasonable quality of care. Our findings raise important considerations relating to quality of care from a systems and programmatic perspective while bringing in considerations of regulation and public-private mix in healthcare. Context-sensitive, multifaceted approaches which span the range from specific clinical best practices to broad system-wide considerations will be needed to achieve universal coverage of quality intrapartum care.
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